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Background: Gait metric alterations have been previously reported in patients suffering from chronic ankle instability
(CAI). Previous studies of gait in this population have been comprised of relatively small cohorts, and the findings of
these studies are not uniform. The objective of the present study was to examine spatiotemporal gait metrics in
patients with CAI and examine the relationship between self-reported disease severity and the magnitude of gait
abnormalities.
Methods: Forty-four patients with CAI were identified and compared to 53 healthy controls. Patients were evaluated
with spatiotemporal gait analysis via a computerized mat and with the Short Form (SF) - 36 health survey.
Results: Patients with CAI were found to walk with approximately 16% slower walking velocity, 9% lower cadence
and approximately 7% lower step length. Furthermore, the base of support, during walking, in the CAI group was
approximately 43% wider, and the single limb support phase was 3.5% shorter compared to the control group.
All of the SF-36 8-subscales, as well as the SF-36 physical component summary and SF-36 mental component
summary, were significantly lower in patients with CAI compared to the control group. Finally, significant correlations
were found between most of the objective gait measures and the SF-36 mental component summary and SF-36
physical component summary.
Conclusions: The results outline a gait profile for patients suffering from CAI. Significant differences were found
in most spatiotemporal gait metrics. An important finding was a significantly wider base of support. It may be
speculated that these gait alterations may reflect a strategy to deal with imbalance and pain. These findings suggest
the usefulness of gait metrics, alongside with the use of self-evaluation questionnaires, in assessing disease severity of
patients with CAI.
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The definition and classification of chronic ankle instabil-
ity (CAI) are problematic. Clinically, it is defined as recur-
rent subjective complaint of the ankle joint “giving way”
[1,2] and as “repetitive bouts of lateral ankle instability
resulting in numerous ankle sprains” [3]. CAI is usually
the sequelae of acute ankle sprain [4], and up to 34% of
the patients suffer from a residual problem within the
3 years following their first incident [4]. Some individuals* Correspondence: roygigimd@gmail.com
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activities of daily living for years after the initial injury
[5,6]. The first insult usually involves hyper-supination
(a combination of inversion, plantar flexion, and internal
rotation) of the hind foot in relation to the tibia, resulting
in injury to the lateral ankle ligaments. The most com-
monly injured ligaments are the anterior talofibular and
the calcaneofibular [7].
The term “mechanical instability” (MI) has been used
to describe patients with objective physical examination
and radiologic findings (e.g., stress radiographs) suggest-
ive of ligamentous incompetence about the ankle-joint
complex. However, there is a low correlation between
these findings and long-term prognosis. Freeman et al.is is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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participants who experience multiple ankle joint inversion
injuries with slight or no external provocation yet have no
objective evidence of insufficiency of the static ankle
stabilizers. Those authors proposed that these injuries
are the result of functional instability in ankle strength
[8] and proprioception [9-11]. In 2002, Hertel proposed a
model involving MI and FI that has become widely ac-
cepted [3]. In that model, MI and FI are not considered as
being mutually exclusive but rather as part of a continuum,
and that recurrent sprain occur when both conditions are
present.
Gait deviations have been previously described in CAI
patients. They were found to display an inappropriate po-
sitioning of the ankle joint before heel strike [12], hesita-
tion towards the end of the stance phase and tendency to
put greater load on the lateral forefoot, causing a lateral
shift of the foot’s center of pressure [13]. However, most
reports on gait metrics comprised relatively small cohorts
of CAI patients and the results were inconsistent [12,13].
Furthermore, in a previous study we showed that a simple
gait assessment of spatiotemporal parameters may ob-
jectively quantify the functional condition of patients with
knee osteoarthritis and correlates with the patient’s pain,
functional limitation and quality of life perception [14]. To
the best of our knowledge, there is missing data regarding
the assessment and characterization of spatiotemporal gait
of patients with CAI. Therefore, this study had two aims.
First, to examine alterations in spatiotemporal gait metrics
in patients with CAI compared to healthy participants.
We hypothesized that patients with CAI will display de-
teriorated gait patterns compared to healthy participants.
Secondly, to examine the relationship between self-reported
disease severity (subjective assessment of the patient) and
the magnitude of gait abnormalities (objective assessment).
We hypothesized that a correlation will be found between
objective gait metrics and subjective assessment of pain and
function.
Methods
Approval from the Institutional Review Board of our
Medical Center was obtained before initiating this
study. The study was registered in the NIH clinical
trial registration system (No. NCT00767780). This
study is part of a series of research works that aim toTable 1 Patients’ characteristics
Group Males Females Age (y)
CAI (n = 44) (SD) 64% 36% 36.7 (±1
Control (n = 53) (SD) 54% 46% 36.6 (±1
Pa 0.374 0.986
ap-value was set to p < 0.05.
BMI = body mass index; CAI = chronic ankle instability; SD = standard deviation.characterize patients with different musculoskeletal
disorders compared to healthy controls. The research
methodology has been presented previously by Assa
et al. [15]. This was a retrospective study of individ-
uals with CAI and healthy individuals who served as
control group. Patients with CAI were recruited from
AposTherapy center, after seeking treatment for their
ankle instability problem. Patients were assessed be-
fore treatment and results were used to characterize
their gait patterns and symptoms compared to healthy
controls. All patients were instructed to refrain from
taking pain medications, including paracetamol and
non-steroidal anti-inflammatory drugs, for a period of
3 days prior to the clinical and gait evaluation. The
control group was comprised of asymptomatic healthy
volunteers, mostly employees or caregivers that under-
went the same measurements at AposTherapy center.
Inclusion criteria for patients with CAI were based on
Caulfield and Garrett’s criteria [16,17]: reported recur-
rent ankle sprains, instability, and a tendency of the
ankle to “give way” during sports activities for at least
the past 6 months. The inclusion criterion for the con-
trol group was the absence of any history of ankle
sprains. Exclusion criterion for patients with CAI was
a recent injury to the ankle joint (less than 6 months).
Exclusion criteria for both patients with CAI and the
control group were a history of fracture to the lower
extremity, severe systemic diseases, lower extremity
orthopedic surgery, infection, concomitant injury from
the hip knee or lumbar spine, or history of neuro-
logical or vestibular impairments.
The study database was searched for patients diag-
nosed as having CAI. Between May 2009 and February
2012, 95 patients with CAI were referred to the center,
of whom 44 fulfilled the study criteria for CAI. They in-
cluded 16 women and 28 men with a mean ± SD age of
36.7 ± 15.0 years and a mean ± SD body mass index
(BMI) of 25.7 ± 4.6 kg/m2. Thirty-five patients had uni-
lateral CAI and 9 patients had bilateral CAI, with one
side being more symptomatic. The control group con-
sisted of 53 healthy participants (24 women and 29 men)
with a mean ± SD age of (36.6 ± 13.3 years) and a mean
± SD BMI of 23.8 ± 3.3 kg/m2 (Table 1). Patients in the
control group underwent the same investigative protocol
as patients with CAI.Height (m) Weight (kg) BMI (kg/m2)
5.0) 1.72 (±0.10) 75.7 (±15.2) 25.7 (±4.6)
3.3) 1.72 (±0.10) 71.4 (±13.6) 23.8 (±3.3)
0.981 0.095 0.035
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All data were retrieved from the patients’ medical files
and the controls’ records. All patients with CAI under-
went a comprehensive assessment during their first visit
to the therapy center as well as a physical examination,
including manual muscle testing to verify neurological
deficits by a certified physical therapist. Anthropometric
measurements of height and weight were taken of all
participants, and spatiotemporal gait metrics were mea-
sured by means of a computerized mat (GaitMat system,
E.Q., Inc. Chalfont, PA) [18]. The definition of spatio-
temporal gait metrics refers to a group of measures that
captures either temporal (for example, velocity) or
spatial (for example, step length) gait characteristics.
During the gait test patients with CAI and participants
in the control group were asked to walk barefoot at a
self-selected speed. They walked 3 meters both before
and after being tested on the mat to allow sufficient ac-
celeration and deceleration time outside the measure-
ment area. Four trials were conducted, and the acquired
data were stored for later analysis. The mean value of
the four trials was calculated for each of the following
parameters: velocity (cm/s), step length (cm), cadence
(steps/min), stride length (cm), base of support (cm),
swing (% gait cycle [GC]), stance (%GC), single limb
support (%GC) and double limb support (%GC). The lat-
ter four measures are representative of the gait cycle
phases. Stance phase is when the limb is in contact with
the ground whereas the swing phase is when the limb is
not in contact with the ground. The stance phase can be
divided into two additional phases: single limb support
which is the time spent on one limb while the contralat-
eral limb swings forward and, double limb support
which is the time when both limbs are in contact with
the floor. Left and right double limb support is deter-
mined based on the leading limb during heel strike.
These measures can be displaced as absolute numbers
(i.e. time in seconds) or as a percent of the gait cycle.
Furthermore, left and right values are measured for step
length, stride length, swing, stance, single limb support
and double limb support. The analysis included values of
the more symptomatic ankle and less symptomatic
ankle. This was determined by the patient’s answer to
the questions which ankle is more symptomatic. For the
control group, the results of the left limb were defined
as the more symptomatic limb and the results of the
right limb were defined as the less symptomatic limb in-
cluded in the analysis.
Differences in perceived pain, function and health-
related quality of life (QoL) were evaluated using the SF-
36 Health Survey [19]. The SF-36 (version 1) is scored
between 0 and 100, with 0 indicating the worst QoL and
100 indicating the best QoL. The physical component
summary (PCS) is a summary scale comprised of questionsregarding physical functioning, role of limitation due to
physical problems, bodily pain and general health (over-
all 22 questions). The mental component summary
(MCS) is a summary scale comprised of questions in the
fields of vitality, social functioning, role of limitations
due to emotional problems and emotional wellbeing
(overall 14 questions).
Statistical analysis
All statistical analyses were carried out by an independ-
ent biostatistician. Mean values and standard deviations
were calculated for all continuous measurements. The
distributions of gait characteristics and the questionnaire
scales were examined using the Kolmogorov–Smirnov
non-parametric test, and parametric or non-parametric
statistical tests were applied based on the distribution.
The main purpose of the study was to compare between
the two groups in gait parameters. The sample size for
this study had enough power to detect the following dif-
ferences: velocity (power: 0.99), cadence (power: 0.99),
step length (power: 0.85), stride length (power: 0.90), base
of support (power: 0.98), swing (power: 0.76), stance
(power: 0.76), single limb support (power: 0.92) and
double limb support (power: 0.95). The power calcula-
tion was done during the statistical analysis of the re-
sults phase and not a priori, since we did not have
previous data on spatiotemporal measures of patients
with CAI. The results of the current study may help in
future power calculation analysis of research works on
patients with CAI.
A Chi-Square test was used to analyze sex differences
between the groups. Non-parametric Mann–Whitney
tests were used for comparison of self-reported pain and
functional data, comparisons of spatiotemporal parame-
ters between the two groups and for a comparison be-
tween patients with unilateral CAI and patients with
bilateral CAI. Data for male and female participants in
isolation was done in order to examine trends between
these subgroups. Statistical significance was accepted for
p values less than 0.05. The relationships between gait
metrics and the SF-36 health survey scores were exam-
ined using the Spearman correlation. The suggested cut-
off of Dancey and Reidy were used. They suggest that
values between 0.1 to 0.3 are considered weak, values
between 0.4 and 0.6 are considered moderate, values be-
tween 0.7 to 0.9 are considered strong and a value of 1
is considered a perfect correlation [20]. All analyses were
performed using SPSS (version 19.0).
Results
Significant differences in BMI were found between
patients with CAI and the control group (p = 0.035).
However, analysis of the results controlling for BMI as
co-variant was performed (using GLM ANCOVA statistic
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ences that were found between the groups maintained
their trend. Hence, we assumed that although significant,
BMI differences between groups did not affect the results
and did not explain the differences that were found be-
tween groups.
Nine patients (20%) had bilateral CAI and the other 35
patients (80%) had unilateral symptoms. A comparison
between the differences in gait patterns of both groups
was carried. There were no significant differences in gait
patterns between patients with unilateral CAI and pa-
tients with bilateral CAI (lowest p-value was p = 0.115).
There were significant differences between patients
with CAI and the control group in gait velocity, cadence,
step length, stride length, single limb support and double
limb support (Table 2). These differences maintained
when comparison was done for males and females separ-
ately. Walking velocity (cm/s) and cadence (steps/min)
were significantly lower in patients with CAI relative to
the control group (by 19.7 cm/s and 6.9 steps/min, p <
0.001, respectively). Step and stride length of the more
symptomatic ankle were lower in patients with CAI
compared to the control group by (5.0 cm, p = 0.003 and
10.8 cm, p = 0.002, respectively). A significant reduction
in the single limb support of the more symptomatic
ankle (38.7% GC versus 40.1% GC, p = 0.001) and an in-
crease in the double limb support of the more symptom-
atic ankle (21.8% GC versus 19.6% GC, p < 0.001) were
recorded for patients with CAI compared to the control
group. There was also a statistically significant increase
(2.3 cm) of the width of the base of support in patients
with CAI compared to the control group (p < 0.001).Table 2 Gait spatiotemporal metrics differences between pati
CAI
Velocity (cm/s) 105.9 (20.0)
Cadence (steps/min) 69.5 (7.0)
Step length more symptomatic (cm) 60.8 (8.1)
Step length less symptomatic (cm) 60.3 (9.0)
Stride length more symptomatic (cm) 121.1 (16.9)
Stride length less symptomatic (cm) 121.3 (16.9)
Base of support (cm) 6.9 (3.5)
Swing more symptomatic (% GC) 39.4 (1.9)
Swing less symptomatic (% GC) 38.7 (2.4)
Stance more symptomatic (% GC) 60.6 (1.9)
Stance less symptomatic (% GC) 61.3 (2.4)
Single limb support more symptomatic (% GC) 38.7 (2.4)
Single limb support less symptomatic (% GC) 39.4 (1.9)
Double limb support more symptomatic (% GC) 21.8 (3.3)
Double limb support less symptomatic (% GC) 21.9 (3.3)
Results are presented as mean (±SD) and 95% CI.
CAI = chronic ankle instability; SD = standard deviation; CI = confidence interval; GCThe scores on SF-36 bodily pain and SF-36 physical
functioning subscales were significantly lower in patients
with CAI compared to the control group (p < 0.001 for
both subscales). Likewise, all other six subscales of the
SF-36 health survey, as well as the integrated PCS and
MCS, were significantly lower in patients with CAI
(p-values ranged between p = 0.008 to p < 0.001) (Table 3).
These differences maintained when comparison was done
for males and females separately. Spearman’s correlation
analysis with gait values as objective measures and sub-
jective pain and functional scores in patients with CAI
are presented in Table 4. There was a significant positive
correlation between the PCS and gait velocity, step
length, stride length, swing, stance and single limb sup-
port (p-value ranged between 0.003 to 0.048, r-value
ranged between 0.300 to 0.442). For example, patients
with high PCS scores presented higher walking velocity.
There was a significant negative correlation between
PCS and double limb support, i.e. patients with high
PCS scores had low double limb support scores (r =−0.308,
p = 0.042 and r = −0.318, p = 0.035 for the more symp-
tomatic DLS and less symptomatic DLS, respectively).
There was a significant positive correlation between the
MCS and gait velocity, step length, swing, stance and sin-
gle limb support (p-value ranged between 0.010 to 0.050,
r-value ranged between 0.297 to 0.386). All the correla-
tions that were found significant were within the range of
moderate correlation.
Discussion
The present study evaluated the spatiotemporal gait
(objective) parameters and the self-evaluation (subjective)ents with CAI and healthy controls
Control Mean difference [CI] p
125.6 (19.0) 19.7 [11.8 to 27.6] <0.001
76.4 (5.7) 6.9 [4.3 to 9.4] <0.001
65.9 (8.1) 5.0 [1.8 to 8.3] 0.003
66.1 (8.1) 5.8 [2.3 to 9.2] <0.001
131.9 (16.1) 10.8 [4.1 to 17.4] 0.002
131.9 (16.1) 10.6 [3.9 to 17.3] 0.002
4.5 (2.3) −2.3 [−3.5 to −1.1] <0.001
40.3 (1.4) 0.9 [0.2 to 1.6] 0.010
40.1 (1.7) 1.4 [0.6 to 2.2] 0.001
59.7 (1.4) −0.9 [−1.6 to −0.2] 0.010
59.9 (1.7) −1.4 [−2.2 to −0.6] 0.001
40.1 (1.6) 1.4 [0.6 to 2.2] 0.001
40.2 (1.5) 0.8 [0.1 to 1.5] 0.022
19.6 (2.6) −2.3 [−3.5 to −1.1] <0.001
19.7 (3.0) −2.2 [−3.5 to −0.9] 0.001
= gait cycle.
Table 3 SF-36 health survey differences between patients with CAI and controls
CAI Control Mean difference [CI] p
SF-36 (0–100)
Physical functioning 57.3 (28.4) 95.2 (8.2) 37.9 [29.0 to 46.8] <0.001
Bodily pain 48.8 (23.4) 90.3 (12.6) 41.5 [33.7 to 49.4] <0.001
Limitation due to physical problems 34.1 (40.0) 91.5 (21.3) 57.4 [44.0 to 70.8] <0.001
Limitation due to emotional problems 57.7 (21.0) 70.8 (15.5) 31.7 [16.5 to 46.9] <0.001
Vitality 67.1 (20.8) 76.9 (12.9) 13.0 [5.4 to 20.6] 0.001
Social functioning 61.4 (46.6) 93.1 (21.0) 23.5 [15.5 to 31.6] <0.001
Emotional well being 72.4 (26.6) 96.0 (12.0) 9.8 [2.6 to 17.0] 0.008
General health 60.0 (20.6) 80.0 (12.8) 20.0 [12.9 to 27.1] <0.001
Physical component summary (PCS) 51.6 (20.0) 85.6 (9.7) 34.0 [27.4 to 40.6] <0.001
Mental component summary (MCS) 63.7 (19.5) 83.4 (11.3) 19.6 [13.0 to 26.3] <0.001
Results are presented as mean (±SD) and 95% CI.
CAI = chronic ankle instability; CI = confidence interval.
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CAI and compared the findings to a healthy control
group. The results revealed that gait metrics differ sig-
nificantly between the two groups.
The diagnosis and evaluation of patients with CAI
pose a real clinical challenge. It is difficult to classify a
pathology that is primarily subjective in nature. For
example, “giving way” of the ankle is often used as an
inclusion criterion for studies of CAI [16,17], but “giving
way” is subjective and can be either a real occurrence or
the patient’s interpretation of something else entirely.
Only recently consensus values for selection criteria
for patients with CAI were established by the AnkleTable 4 Correlation (r) between gait metrics and SF-36 physic




Step length more symptomatic (cm) 0.241
Step length less symptomatic (cm) 0.308
Stride length more symptomatic (cm) 0.277
Stride length less symptomatic (cm) 0.275
Base of support more symptomatic (cm) 0.025
Swing more symptomatic (% GC) −0.103
Swing less symptomatic (% GC) 0.386
Stance more symptomatic (% GC) 0.103
Stance less symptomatic (% GC) 0.386
Single limb support more symptomatic (% GC) 0.383
Single limb support less symptomatic (% GC) 0.000
Double limb support more symptomatic (% GC) −0.218
Double limb support less symptomatic (% GC) −0.225
ap-value was set to p < 0.05.Consortium Position Statement but there is still a need
for more objective measures [21]. The results of the
current study present the deviations in objective gait
metrics of patients with CAI compared to controls. All
patients were diagnosed with CAI and did not have
other musculoskeletal problems, therefore it was as-
sumed that the reported differences in gait metrics of
patients with CAI compared to healthy controls are in-
deed due to the patient’s adaptations to ankle instabil-
ity. Our findings were similar to previous studies that
reported the changes in gait patterns of patients with
CAI [12,13]. It may be assumed that an objective spa-
tiotemporal gait test may be sensitive enough to detectal component summary and SF-36 mental component
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determine how spatiotemporal parameters are affected
by CAI. Furthermore, future studies should examine
how different treatments for CAI affect spatiotemporal
parameters by including gait assessment as an outcome
measure.
Even though gait alterations are present for days and
weeks after acute lateral ankle sprain [22,23], little is
known about the long-term alterations in gait of patients
with CAI. Moreover, we could not find previous data on
the spatiotemporal gait patterns of patients with CAI.
Most studies examined kinetic and kinematic changes.
For example, Nyska et al. reported a significantly longer
ground-contact time of the heel and midfoot areas in pa-
tients with CAI compared to a control group [13]. Those
authors speculated that this is because patients are hesi-
tant to put weight on the forefoot. Mattson and Brostrom
and Ebig et al. suggested that a slowed reflex response
time of the peroneal and tibialis anterior muscles to sud-
den plantar flexion and inversion stress may cause diffi-
culties with ankle joint function for patients with CAI
[24,25]. Others noted that local sensory deficits [26] and
impaired proprioception [27,28] also contribute to in-
stability, even in the absence of muscle weakness [29,30].
All of the above indicate that patients with CAI alter their
gait patterns. The findings of the current study support
this notion and show another aspect of gait assessment.
Patients with CAI have altered spatiotemporal gait pat-
terns compared to a healthy control group including a
lower walking velocity (~16%), lower cadence (~9%) and
lower step length (~7%). Based on previous works and the
results of the current work it may be concluded that pa-
tients with CAI alter their gait patterns and choose protect-
ive gait mechanisms strategies as part of their adaptations
to ankle instability sensation during locomotion.
There is some evidence of sensorimotor deficits and
balance impairments in patients with functional ankle
instability [4,31-33], which may also be expressed in dy-
namic gait metrics. In a systematic review including a
meta-analysis [34], Hiller et al. concluded that static
measures of postural stability were significantly different
between patients with CAI and healthy controls. Patients
also described deficits in the performance of more
strenuous stability challenges, such as jump tests. The
rationale for the current work was that by assuming that
patients with CAI have sensorimotor and postural con-
trol deficits as well as balance impairment in both static
and dynamic conditions, these will also be manifested in
spatiotemporal gait metrics. Indeed, the results of the
current work show significant deviations in spatiotempo-
ral gait patterns of patients with CAI compared to healthy
controls. An interesting finding was the differences in base
of support. Patients with CAI walked with a significantly
wider base of support compared to healthy participants. Itmay be postulated that a wider base of support is a walk-
ing strategy adopted by patients with CAI to increase sta-
bility while walking. However this should be further
investigated and validated. The base of support was ~43%
wider, and the single limb support, which is another par-
ameter that may reflect stability capabilities, was ~3.5%
shorter than those parameters in the control group. Al-
though significant differences were found between groups
in both the base of support and single limb support, the
clinical relevance of these results cannot be determined.
More specifically, single limb support values were within
the lower threshold of normal values (38.5%) [35]. We be-
lieve, however that this is the first report of these findings
during functional tests in patients with CAI, and it may be
assumed that they are related to impairment in dynamic
balance during gait. It is reasonable to assume that if pa-
tients have an ankle instability sensation during walking
they will choose a compensatory strategy that will reduce
the single limb support, which is a phase where the entire
body weight is on one limb, and will increase the double
limb support phase. This strategy reduces the sole demand
from the unstable ankle to maintain balance while walk-
ing. Furthermore, increasing the base of support may also
be a compensatory strategy of patients with CAI. Increas-
ing the walking base of support will allow better stability
while walking and is assumed to reduces the demand to
maintain stability from the unstable ankle. On the basis of
the results, it may be assumed that patients with CAI have
a distinct deficit in their balance that can be quantified. A
test of base of support during gait may serve as a valid tool
to assess such imbalance and may support the findings of
the clinical evaluation of the patient.
Velocity, step length, stride length, single limb support
and double limb support scores were all found in correl-
ation with subjective pain and function scores (i.e., the
SF-36 MCS and the SF-36 PCS). This suggests that these
gait metrics could be utilized for quantitative evaluation
and support of the self-reported pain and function of
patients with CAI. Adding an objective assessment of
the patient’s functional condition, alongside the patient’s
subjective report may draw a better clinical picture that
will help determine the optimal treatment. Furthermore,
using both objective and subjective evaluation methods
may help in the assessment of treatment outcomes. Re-
cently single limb support was reported to be a valuable
and sensitive parameter that is directly associated to the
severity of knee osteoarthritis [14,36]. Future studies should
further examine the correlations between the base of sup-
port and single limb support to the symptomatic severity
of CAI in order to determine if they are sensitive in de-
tecting different severity levels of CAI.
There are several limitations to the current study.
Firstly, only spatiotemporal gait data were gathered.
Three-dimensional gait analyses would provide more
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lower limb in patients with CAI as well as greater ac-
curacy in determining dynamic instability during gait
[37]. Those examinations, however, are relatively com-
plex and costly. We sought to define objective gait
metrics that can be easily obtained with relatively low
cost, thus making them ideal in clinical practice. Another
limitation of this study is that the data were collected
retrospectively from the database of one therapy center.
Since all patients in this database were referred for treat-
ment, there might have been a selection bias.
Conclusions
In conclusion, there were significant differences in the
spatiotemporal gait profiles of patients with CAI and
healthy controls. Specifically, all the tested parameters
related to stability were worse in patients with CAI,
which may reflect a gait strategy adopted by the patients
to cope with their instability sensation.
Furthermore, worse subjective disease severity (as deter-
mined by pain and function self-evaluation questionnaires)
were associated with more severe objectively identified gait
abnormalities. This may suggest that using spatiotemporal
gait assessment may add additional important information,
alongside the clinical assessment of the patient, and
may help in objectively quantify the functional condi-
tion of the patient. This assumption should be further
examined and validated in future research.
Consent
This was a retrospective analysis of an existing data-
base, therefore patient's consent was not obtained. The
Institutional Review Board approved the use of data
without having patients signing consent as long as
privacy and anonymity is fully kept.
Abbreviations
CAI: Chronic ankle instability; MI: Mechanical instability; FI: Functional
instability; BMI: Body mass index; GC: Gait cycle; QoL: Quality of life;
PCS: Physical component summary; MCS: Mental component summary.
Competing interest
The authors declare that they have no competing interests.
Authors’ contribution
RG and GS: Conception and design, analysis of data, drafting the article, final
approval. AH: Drafting the article, final approval. EL, EM, YB, MN, MNy and AE:
Conception and design, revising the article, final approval. All authors read
and approved the final manuscript.
Author details
1Department of Orthopedic Surgery, Tel Aviv Sourasky Medical Center,
Sackler Faculty of Medicine, Tel Aviv University, 6 Weizmann Street, Tel Aviv
64239, Israel. 2AposTherapy Research Group, Herzliya, Israel. 3Department of
Orthopedic Surgery, Rambam Medical Center, Haifa, Israel. 4Department of
Orthopedic Surgery, Assaf Harofeh Medical Center, Zerifin, Israel.
5Department of Orthopedic Surgery, Meir Medical Center, Kfar-Saba, Israel.
Received: 15 June 2014 Accepted: 15 December 2014References
1. Freeman MA, Dean MR, Hanham IW. The etiology and prevention of
functional instability of the foot. J Bone Joint Surg Br. 1965;47:678–85.
2. Nyska M, Amir H, Porath A, Dekel S. Radiological assessment of a modified
anterior drawer test of the ankle. Foot Ankle. 1992;13:400–3.
3. Hertel J. Functional anatomy, pathomechanics, and pathophysiology of
lateral ankle instability. J Athl Train. 2002;37:364–75.
4. Wikstrom EA, Naik S, Lodha N, Cauraugh JH. Balance capabilities after lateral
ankle trauma and intervention: a meta-analysis. Med Sci Sports Exerc.
2009;41:1287–95.
5. Bosien WR, Staples OS, Russell SW. Residual disability following acute ankle
sprains. J Bone Joint Surg Am. 1955;37-A:1237–43.
6. Valderrabano V, Hintermann B, Horisberger M, Fung TS. Ligamentous
posttraumatic ankle osteoarthritis. Am J Sports Med. 2006;34:612–20.
7. Fallat L, Grimm DJ, Saracco JA. Sprained ankle syndrome: prevalence and
analysis of 639 acute injuries. J Foot Ankle Surg. 1998;37:280–5.
8. Kaminski TW, Hartsell HD. Factors contributing to chronic ankle instability: a
strength perspective. J Athl Train. 2002;37:394–405.
9. Eiff MP. Ankle injuries in sport. In: Richmond JC, Shahady EJ, editors. Sports
medicine for primary care. Cambridge: Blackwell Science; 1996. p. 447–58.
10. Tropp H. Commentary: Functional ankle instability revisited. J Athl Train.
2002;37:512–5.
11. Willems T, Witvrouw E, Verstuyft J, Vaes P, De Clercq D. Proprioception and
muscle strength in subjects with a history of ankle sprains and chronic
instability. J Athl Train. 2002;37:487–93.
12. Delahunt E, Monaghan K, Caulfield B. Altered neuromuscular control and
ankle joint kinematics during walking in subjects with functional instability
of the ankle joint. Am J Sports Med. 2006;34:1970–6.
13. Nyska M, Shabat S, Simkin A, Neeb M, Matan Y, Mann G. Dynamic force
distribution during level walking under the feet of patients with chronic
ankle instability. Br J Sports Med. 2003;37:495–7.
14. Elbaz A, Mor A, Segal G, Debi R, Shazar N, Herman A. Novel classification of
knee osteoarthritis severity based on spatiotemporal analysis. Osteoarthritis
Cartilage. 2014;22:457–63.
15. Assa T, Elbaz A, Mor A, Chechik O, Morag G, Salai M, et al. Gait metric profile
of 157 patients suffering from anterior knee pain. A controlled study. Knee.
2013;20:40–4.
16. Caulfield B, Garrett M. Changes in ground reaction force during jump
landing in subjects with functional instability of the ankle joint. Clin
Biomech (Bristol, Avon). 2004;9:617–21.
17. Caulfield BM, Garrett M. Functional instability of the ankle: differences in
patterns of ankle and knee movement prior to and post landing in a single
leg jump. Int J Sports Med. 2002;23:64–8.
18. Barker S, Craik R, Freedman W, Herrmann N, Hillstrom H. Accuracy, reliability,
and validity of a spatiotemporal gait analysis system. Med Eng Phys.
2006;28:460–7.
19. Lewin-Epstein N, Sagiv-Schfter T, Shabtai EL, Shmueli A. Validation of the
36-item short-form Health Survey (Hebrew version) in the adult population
of Israel. Med Care. 1999;36:1361–70.
20. Dancey CP, Reidy J. Statistics without math of pscycology. UK: Pearson
Prentice Hall; 2004.
21. Gribble PA, Delahunt E, Bleakley C, Caulfield B, Docherty CL, Fourchet F,
et al. Selection criteria for patients with chronic ankle instability in
controlled research: a position statement of the International Ankle
Consortium. J Orthop Sports Phys Ther. 2013;43:585–91.
22. Crosbie J, Green T, Refshauge K. Effects of reduced ankle dorsiflexion
following lateral ligament sprain on temporal and spatial gait parameters.
Gait Posture. 1999;9:167–72.
23. Green T, Refshauge K, Crosbie J, Adams R. A randomized controlled trial of
a passive accessory joint mobilization on acute ankle inversion sprains. Phys
Ther. 2001;81:984–94.
24. Ebig M, Lephart SM, Burdett RG, Miller MC, Pincivero DM. The effect of
sudden inversion stress on EMG activity of the peroneal and tibialis anterior
muscles in the chronically unstable ankle. J Orthop Sports Phys Ther.
1997;26:73–7.
25. Mattsson E, Brostrom LA. The increase in energy cost of walking with an
immobilized knee or an unstable ankle. Scand J Rehabil Med. 1990;22:51–3.
26. Brand RL, Collins MD. Operative management of ligamentous injuries to the
ankle. Clin Sports Med. 1995;1:117–30.
27. Gross MT. Effects of recurrent lateral ankle sprains on active and passive
judgements of joint position. Phys Ther. 1987;67:1505–9.
Gigi et al. Journal of Foot and Ankle Research  (2015) 8:1 Page 8 of 828. Lofvenberg R, Karrholm J, Sundelin G, Ahlgren O. Prolonged reaction time
in patients with chronic lateral instability of the ankle. Am J Sports Med.
1995;23:414–7.
29. Hartsell HD, Forwell L. Postoperative eccentric and concentric isokinetic
strength for the shoulder rotators in the scapular and neutral planes.
J Orthop Sports Phys Ther. 1997;25:19–25.
30. Lentell G, Baas B, Lopez D, McGuire L, Sarrels M, Snyder P. The contributions
of proprioceptive deficits, muscle function, and anatomic laxity to functional
instability of the ankle. J Orthop Sports Phys Ther. 1995;21:206–15.
31. Arnold BL, De La Motte S, Linens S, Ross SE. Ankle instability is associated
with balance impairments: a meta-analysis. Med Sci Sports Exerc.
2009;41:1048–62.
32. Munn J, Sullivan SJ, Schneiders AG. Evidence of sensorimotor deficits in
functional ankle instability: a systematic review with meta-analysis. J Sci
Med Sport. 2010;13:2–12.
33. Perrin PP, Bene MC, Perrin CA, Durupt D. Ankle trauma significantly impairs
posture control–a study in basketball players and controls. Int J Sports Med.
1997;18:387–92.
34. Hiller CE, Nightingale EJ, Lin CW, Coughlan GF, Caulfield B, Delahunt E.
Characteristics of people with recurrent ankle sprains: a systematic review
with meta-analysis. Br J Sports Med. 2011;45:660–72.
35. Lythgo N, Wilson C, Galea M. Basic gait and symmetry measures for primary
school-aged children and young adults. II: Walking at slow, free and fast
speed. Gait Posture. 2011;33:29–35.
36. Elbaz A, Mor A, Segal O, Agar G, Halperin N, Haim A, et al. Can single limb
support objectively assess the functional severity of knee osteoarthritis?
Knee. 2012;19:32–5.
37. Monaghan K, Delahunt E, Caulfield B. Ankle function during gait in
patients with chronic ankle instability compared to controls. Clin
Biomech. 2006;21:168–74.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
